Orientational disorder in plastic neopentane (paralipomena) Ph. Depondt Abstract. 2014 Neutron diffraction experiments performed on orientationally disordered neopentane (C(CD3) 4) single crystals are interpreted using a TLS model adapted in order to account as well as possible for the orientational disorder. The molecules are found to be always localized around their most probable orientations at every temperature ; the orientational variables display a large, but practically temperature-independent, dispersion with no sign of reorientational dynamics. In contrast, the centre-of-mass displacements, always much larger than what one expects from the phonon contribution, strongly increase at high temperatures.
J. Physique 48 (1987) vide structural information about this disorder which can be described by P (n), the orientational probability density function or o.p.d.f. The present article follows a previous article [1] in which neutron diffraction experiments had been interpreted in terms of an expansion of P (f2) on a basis of symmetry adapted functions [2] (Appendix 1). It (Fig. 1) , the non-zero parameters of the model reduce, for this molecule, to [4] : (1) The intramolecular methyl group reorientations have been ignored since, as the corresponding barriers are high (== 18 kJ mol-') [12] , the proportion of reorienting methyl groups is small.
Following for instance reference [3] , this provides a diffraction structure factor Fl TLS (q). ii) a Raman scattering experiment [6] analysing the spectral profile of an internal mode, had shown very large effects which were attributed to molecular reorientations, thus leading to expect a non-negligible isotropic contribution. Our present results will allow us to criticize this interpretation in section 3. iii) another Raman scattering experiment [7] had shown anisotropy effects which were undoubtedly present, but this did not alter our opinion that neopentane is very isotropic, as these effects were very weak. It had been, however, pointed out that it was likely that some averaging had occurred in this experiment because of the presence of several randomly oriented single crystals in the sample. iv) the whole idea of adding an isotropic contribution to FTLS(q) had come from a study of [5, 7, 10] had concluded in a rapid variation of the orientational disorder with temperature. As p remains equal to zero at all temperatures, one would expect this disorder to show on the thermal variations of (J;) and (J;) (Fig. 2) . This however is not the case. (Fig. 4) believe that the translational and rotational variables are correlated. This will affect of course the separation of the translational and rotational contributions to the spectra, but also the proton distances to the lattice sites will not be the same before and after a reorientation, and this effect will increase with temperature, as the Debye Waller factor does. This means that the thermal evolution of,the residence times for instance may be somewhat incorrectly predicted by these previous analyses. A') labels the irreducible representations of the site (resp. molecular) symmetry point group.
It has been demonstrated [2] that the A(x , coefficients of this expansion can be made to appear in the structure factor ; so they can be obtained in a fit allowing P ({1) to be computed.
The main assumptions of the model are :
1) The molecules are assumed to be rigid bodies.
2) The o.p.d.f. is assumed to be fairly isotropic, so that the high order coefficients which describe rapid variations will be negligible. In the case of neopentane, the expansion was truncated after f = 10, so that the number of parameters in the fit (six : F (u;), Ail' Arl, Afl, Ai?) would remain norm, x , 11, 11, 11, 11 reasonable compared to the amount of available data (approx. 30 However, computer simulations [14] show that the actual rotational motions are extremely complex, so that neither estimate is really correct, but the order of magnitude is sufficient for our purpose.
